A detailed investigation of major ion concentrations of snow and ice in the summit region of Penny Ice Cap (PIC) was performed to determine the effects of summer melt on the glaciochemical time-series. While ion migration due to meltwater percolation makes it difficult to confidently count annual layers in the glaciochemical profiles, time-series of these parameters do show good structure and a strong one year spectral component, suggesting that annual to biannual signals are preserved in PIC glaciochemical records.
Introduction
Ideally, ice cores are recovered from sites which experience very little if any melt. However, these types of sites are limited to the summit regions of the Greenland and Antarctic ice sheets, and some select high elevation glaciers. Fortunately, valuable ice core records are also available from glaciers around the globe that experience occasional to moderate melt, such as sites in the Arctic (e.g., Koerner and Fisher, 1990; Koerner, 1997), the Andes (e.g., Thompson et al, 1984) , and central Asia (e.g., Wake et al., 1993).
We report here on a continuous record of major ion and oxygen isotope variability from four 2 m snowpits and the upper 100 years of the 334 m ice core collected from the summit region of the Penny Ice Cap (PIC) (67øN, 65øW; 1900 m a.s.1.), southern Baffin Island. The density corrected melt percent of bubble free ice that forms in summer by meltwater averages 50% for the upper 100 years of the PIC ice core. This site therefore provides an opportunity to investigate the preservation of the major ion record in a snowpack which experiences seasonal melting events.
Methods
During the spring of 1995 we recovered a 334 m ice core and collected samples from four 2 m snowpits in the summit region of the PIC. Three snowpits were located within 1 km of the deep drill site, and the fourth was located adjacent to an 
Results
AWS temperature data were used to correlate ice layers in pit 4 to time periods when temperatures were above zero on the summit of the PIC (Fig. 2) We also investigated a 5 m section in the ice core (33-38 m) that is characterized by melt percent ranging from 65% to 100% based on one meter averages (Fig. 3) 30 to 42m (Fig 5) . The plots suggest that preferential elution of SO42-and NO 3' has occurred to at least some extent over the sections from 33 to 38m while Mg 2+ does not appear to have been affected as much.
Another striking characteristic of this high melt section is the large nss SO4 2' peak at 36.8 m (Fig. 3) . While this nss SO42-peak is accompanied by peaks in dust related species it is unlikely that this nss SO4 2' peak is solely the result of preferential elution as the nss SO42'/ssNa + and nss SO42'/NO3 ' ratios increase three fold for this peak and there is no increase in CI' and NH4 + concentrations. Furthermore, this nss SO42' peak is unprecedented in the top 85 m except for the 1783 (83.5 m) Laki eruption and an increase in baseline during the onset of industrialization circa 1880 (Fig. 1) However two aspects of the data argue against this. First, a detailed analysis of the position of peaks in all eight major ion series with respect to ice layers reveals that peaks occur about equally in melt versus non-melt layers. In addition, the major ion peaks in the snowpit do not occur in conjunction with ice layers or the icy granular layer (Fig. 2) . Second, the first EOF explains 63% of the variability in the record; we would expect this value to be substantially higher if the temporal variation in the major ion series were due only to the percolation and refreezing of meltwater.
Even in the 5 m section of the core that has experienced 65% to 100% melt, where we see evidence of reduced seasonal variations in the oxygen isotope record and preferential elution of SO42-and NO3-, quasi-annual signals remain.
Furthermore, the identification of a volcanic signal at 36.8m provides further evidence that despite substantial summer melting, a volcanic reference horizon has been preserved. How can these annual signals be preserved in an ice core that has experienced significant melt? In a detailed study of water movement and ice-layer formation in a snowpack on a small ice cap in west-central Greenland, Pfeffer and Humphrey (1996) show how meltwater percolates downward and initially spreads out laterally along stratigraphic and hydraulic boundaries created by a change from fine to coarse grained snow. Initially, vertical percolation stops and refreezes, allowing lateral flow to continue. At this point, the process of hydraulic break-through of the horizontal layer and pore close-off compete at the barrier. If water at the barrier freezes sufficiently quickly to form an ice layer, further meltwater will accumulate on the now impermeable layer. AWS data on the PIC indicate that above melting temperatures during the summer days are consistently followed within a few days or nights by below freezing temperatures. Ice layers created during this cycle of melting and refreezing have the potential to preserve annual signals in the PIC record by providing physical barriers to further ion migration. components in the PIC Na +, CI', EOF1 and ECM records.
Further, while a 5m section of ice core that experienced high melt (65-100%) shows the influence of meltwater percolation, the section still contains quasi-annual peaks as well as a preserved volcanic signal. Our analysis of the Penny ice core suggests that despite the influence of meltwater percolation, the glaciochemical record can still be interpreted on annual to biannual time scales with moderate confidence, and on subdecadal scales with high confidence.
